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Prevention of restenosis by a herpes simplex virus mutant 
capable of controlled long-term expression in vascular tissue 
in vivo. 

Skelly CL, Curi MA, Meyerson SL, Woo DH, Hari D, Vosicky JE, 
Advani SJ, Mauceri HJ, Glagov S, Roizman B, Weichselbaum RR, 
Schwartz LB. 

Section of Vascular Surgery, Department of Surgery, University of Chicago, 
Chicago, IL 60637, USA. 

Neointimal hyperplasia resulting from vascular smooth muscle cell (SMC) 
proliferation and luminal migration is the major cause of autologous vein 
graft failure following vascular coronary or peripheral bypass surgery. 
Strategies to attenuate SMC proliferation by the delivery of oligonucleotides 
or genes controlling cell division rely on the use of high concentrations of 
vectors, and require pre-emptive disruption of the endothelial cell layer. We 
report a genetically engineered herpes simplex virus (HSV-1) mutant that, in 
an in vivo rabbit model system, infects all vascular layers without prior injury 
to the endothelium; expresses a reporter gene driven by a viral promoter with 
high efficiency for at least 4 weeks; exhibits no systemic toxicity; can be 
eliminated at will by administration of the antiviral drug acyclovir; and 
significantly reduces SMC proliferation and restenosis in vein grafts in 
immunocompetent hosts. 

PMK>: 1 1821937 [PubMed - indexed for MEDLINE] 
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Multiple vectors effectively achieve gene transfer in a murine 
cardiac transplantation model. Immunosuppression with 
TGF-beta 1 or vIL-10. 

Qin L, Chavin KD, Ding Y, Favaro JP, Woodward JE, Lin J, Tahara 
H, Robbins P, Shaked A, Ho DY, et al. 

Department of Microbiology, Medical University of South Carolina, 
Charleston 29425, USA. 

The application of gene transfer techniques to organ transplantation offers 
the potential for modulation of immunity directly within an allograft without 
systemic side effects. Expression vectors and promoter elements are 
important determinants of gene transfer and expression. In this study, various 
vectors (naked plasmid DNA retroviral vector, herpes simplex viral vector, 
and adenoviral vector) with various promoters (RSV-LTR, SV40, 
MuLV-LTR, HCMViel) were directly compared to demonstrate the 
successful gene transfer and expression of beta-galactosidase in murine 
myoblasts in vitro and within murine heterotopic, nonvascularized cardiac 
isografts or allografts in vivo. Expression of transferred genes was not toxic 
to cells and strength of expression varied according to the type of vector. 
Plasmid DNA was expressed in myocytes, retroviral vector was expressed in 
the graft infiltrating cells, and herpes simplex and adenoviral vectors were 
expressed in both myocytes and graft-infiltrating cells. Preliminary studies 
evaluated the ability of these vectors to deliver immunologically important 
signals. Allografts injected with pSVTGF-beta 1, a plasmid-encoding 
transforming growth factor beta 1 (TGF-beta 1) under the control of the 
SV40 promoter, showed significant prolongation of graft survival of 26.3 +/- 
2.5 days compared with 12.6 +/- 1.1 days for untreated allografts, and 12.5 
+/- 1.5 days for the allografts injected with control plasmid (P < 0.05). 
Allografts injected with MFG-vEL-10, a retroviral vector encoding viral 
interleukin-10 under the control of the MuLV-LTR, showed prolongation of 
graft survival of 36.7 +/- 1.3 days versus 12.6 +/- 1.1 days for the untreated 
allograft, and 13.5 +/- 2.0 days for the allografts injected with control 
retroviral vector (P < 0.001). Both vectors were transcriptionally active in 
vivo and did not appear to have toxic effects. Gene therapy for 
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Efficient gene transfer into myocardium by direct injection of 
adenovirus vectors. 

Guzman RJ, Lemarchand P, Crystal RG, Epstein SE, Finkel T. 

Cardiology Branch, National Heart, Lung, and Blood Institute, National 
Institutes of Health, Bethesda, Md. 20892. 

Previous studies have established that gene transfer into myocardial cells in 
vivo is detectable after direct injection of plasmid DNA. Recently, adenovirus 
vectors have been shown to provide an efficient method for gene transfer 
into a wide range of tissues. Therefore, this study sought to assess the 
efficiency and stability of adenovirus-mediated gene transfer into 
myocardium and to compare this method with that using plasmid-based gene 
transfer techniques. Adult rats underwent myocardial injection via a 
subdiaphragmatic approach. Gene transfer efficiency was compared using 
direct injection of an adenovirus vector encoding for the marker gene 
beta-galactosidase (beta-gal), a control adenovirus vector encoding for the 
cystic fibrosis transmembrane conductance regulator gene, a plasmid 
encoding for beta-gal, or a control plasmid. Hearts infected with an 
adenovirus vector containing the beta-gal gene showed significantly 
increased beta-gal enzymatic activity compared with hearts injected with 
beta-gal plasmid. Histological examination revealed that cardiac myocytes 
were the target of adenovirus-mediated gene transfer. A time course of gene 
expression showed that beta-gal enzymatic activity peaked during the first 
week following injection. Adenovirus vectors provide an efficient but 
transient method for in vivo gene expression in myocardium. 
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ABSTRACTED -PUB -NO: US 6248320B 
BASIC-ABSTRACT: 

A herpes simplex virus (HSV) lacking functional genes ICP34.5 and ICP27, is new. 

USE - The HSV strains carrying inactivating mutations in both ICP34.5 and ICP27 genes 
can be used in the preparation of therapeutic compositions for treating diseases of, or 
injuries to, the nervous system (claimed), e.g. Parkinson's disease, spinal injury or 
strokes, or diseases of the eye, heart or skeletal muscles, or malignancies, the 
strains can be used for gene therapy in humans and animals (claimed) . They can also be 
used for studying the function of genes in mammalian cells (claimed), e.g. identifying 
genes complementing cellular dysfunctions or studying the effect of expressing mutant 
genes in wild-type or mutant mammalian cells. The strains may be used in particular for 
the functional study of genes implicated in disease, e.g. to induce Creutzfeldt- Jakob 
and other prion-type diseases in the central nervous system of rodents. Other disease 
models may include those for Alzheimer's disease, motor neuron disease or Parkinson's 
disease . 

ADVANTAGE - The HSV strains carrying both inactivating mutations exhibit greatly 
improved levels of expression of heterologous genes compared to virus strains carrying 
mutations in ICP34.5 alone. These doubly-mutated strains are also safer than strains 
carrying mutations in ICP34.5 alone. 
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WO 9804726A 
EQUIVALENT -ABSTRACTS : 

A herpes simplex virus (HSV) lacking functional genes ICP34 . 5 and ICP27, is new. 

USE - The HSV strains carrying inactivating mutations in both ICP34.5 and ICP27 genes 
can be used in the preparation of therapeutic compositions for treating diseases of, or 
injuries to, the nervous system (claimed), e.g. Parkinson's disease, spinal injury or 
strokes, or diseases of the eye, heart or skeletal muscles, or malignancies, the 
strains can be used for gene therapy in humans and animals (claimed) . They can also be 
used for studying the function of genes in mammalian cells (claimed) , e.g. identifying 
genes complementing cellular dysfunctions or studying the effect of expressing mutant 
genes in wild-type or mutant mammalian cells. The strains may be used in particular for 
the functional study of genes implicated in disease, e.g. to induce Creutzfeldt- Jakob 
and other prion-type diseases in the central nervous system of rodents. Other disease 
models may include those for Alzheimer's disease, motor neuron disease or Parkinson's 
disease . 

ADVANTAGE - The HSV strains carrying both inactivating mutations exhibit greatly 
improved levels of expression of heterologous genes compared to virus strains carrying 
mutations in ICP34.5 alone. These doubly-mutated strains are also safer than strains 
carrying mutations in ICP34.5 alone. 
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ICP27, is new. USE - The HSV strains carrying inactivating mutations in both ICP34.5 
and ICP27 genes can be used in the preparation of therapeutic compositions for treating 
diseases of, or injuries to, the nervous system (claimed), e.g. Parkinson's disease, 
spinal injury or strokes, or diseases of the eye, heart or skeletal muscles, or 
malignancies, the strains can be used for gene therapy in humans and animals (claimed) . 
They can also be used for studying the function of genes in mammalian cells (claimed) , 
e.g. identifying genes complementing cellular dysfunctions or studying the effect of 
expressing mutant genes in wild-type or mutant mammalian cells. The strains may be used 
in particular for the functional study of genes implicated in disease, e.g. to induce 
Creutzf eldt-Jakob and other prion-type diseases in the central nervous system of 
rodents. Other disease models may include those for Alzheimer's disease, motor neuron 
disease or Parkinson's disease. ADVANTAGE - The HSV strains carrying both inactivating 
mutations exhibit greatly improved levels of expression of heterologous genes compared 
to virus strains carrying mutations in ICP34.5 alone. These doubly-mutated strains are 
also safer than strains carrying mutations in ICP34.5 alone. WO 9804726A 
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ABSTRACTED -PUB -NO: WO 9830707A 
BASIC- ABSTRACT : 

A novel expression cassette comprises a herpes simplex virus (HSV) latency-associated 
transcript (LAT) P2 region, a promoter and a heterologous gene operably linked in that 
order. Also claimed are: (1) a nucleic acid vector comprising an expression cassette as 
above; and (2) a viral strain comprising an expression cassette as above. 

USE - The cassette or viral strain containing it can be used in the treatment of a 
disorder or injury to e.g. the nervous system, especially Parkinson's disease, spinal 
injury or stroke, diseases of the eye, heart or skeletal muscle or a malignancy 
(claimed) . The expression cassette can also be used to study the function of a 
heterologous protein is eukaryotic cells (claimed) . 
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Reduction of restenosis after angioplasty in an atheromatous 
rabbit model by suicide gene therapy. 

Steg PG, Tahlil O, Aubailly N, Caillaud JM, Dedieu JF, Berthelot K, Le 
Roux A, Feldman L, Perricaudet M, Denefle P, Branellec D. 

INSERM U-460, Faculte Xavier Bichat, Paris, France. 

BACKGROUND: Gene delivery of the thymidine kinase (tk) gene combined 
with ganciclovir (GCV) limits intimal hyperplasia after abrasion of normal 
arteries. However, the low efficiency of adeno viral-mediated gene transfer to 
atherosclerotic arteries has raised concerns about the applicability of this 
strategy to the prevention of restenosis. METHODS AND RESULTS: A 
replication-defective adenoviral vector expressing tk (Ad-RSVtk) 
demonstrated selective toxicity toward GCV-treated arterial smooth muscle 
cells, with oligonucleolytic cleavage suggesting apoptosis. In vivo, after 
demonstration of tk expression after Ad-RSVtk delivery, the combination of 
Ad-RSVtk followed by GCV was tested in a rabbit model of angioplasty of 
atheromatous iliac arteries. Angioplasty (8 atm, 20 minutes) was performed 
by use of a hydrogel balloon coated with Ad-RSVtk (4x10(9) plaque forming 
units). GCV was infused (25 mg.kg(-l) I V. BID) from days 2 through 7 
after angioplasty in 8 of 12 rabbits. Four weeks later, morphometric analysis 
demonstrated a reduced intima-to-media ratio in the group receiving 
combination therapy compared with Ad-RSVtk alone (3.0+/-1 .2 versus 
5.2+/-0.5, P<018). GCV per se had no effect on intimal hyperplasia after 
arterial injury. CONCLUSIONS: In vitro, Ad-RSVtk demonstrates selective 
toxicity toward GCV-treated arterial smooth muscle cells involving 
apoptosis. In vivo, GCV conditions reduction of neointimal formation after 
percutaneous delivery of Ad-RSVtk during angioplasty of atheromatous 
arteries. 
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ABSTRACTED -PUB -NO: WO 200245431A 
BASIC-ABSTRACT : 



NOVELTY - Expressing (M) a heterologous nucleic acid sequence in a vascular cell, or 
inducing normal physiology in a functionally abnormal vascular cell, comprising 
administering to the cell a recombinant replicating herpes simplex viral (HSV) vector 
having a heterologous nucleic acid, where HSV is debilitated for growth in the central 
nervous system. 

ACTIVITY - Cardiant; Antiarrhythmic; Vasotropic. 

To demonstrate in vivo gene transfer in proliferating vascular tissue, the external 
jugular vein of male New Zealand white rabbits was exposed to vehicle, HSVlacZ (R849) , 
or adeno-associated virus (AAV)lacZ. Male New Zealand white rabbits were anesthetized! 
the external jugular vein was exposed and two branches cannulated with 24 -gauge 
catheters. One cannula was used for irrigation and infection, and the other for 
intralumenal pressure monitoring. The main channel was infected with either vehicle, 
AAVlacZ 4 multiply 1011 plaque forming units (pfu)/ml, or HSVlacZ (R849) 4 multiply' 108 
pfu/ml for 10 minutes at 100 mmHg . Following infection, the vein was irrigated with 
saline, excised and bivalved. The ipsilateral common carotid artery (CCA) was exposed 
through the same incision and the animal systemically anticoagulated with heparin (200 
U/kg) intravenously. The CCA was doubly clamped and a 1.5-cm longitudinal arteriotomy 
made proximal to the cranial thyroid branch. The arteriotomy was reconstructed with 
external jugular vein patch angioplasty using running 8-0 polypropylene suture. 
Ultrasonic transit-time flow through the graft was measured. There was no significant 
difference in mean blood flow in vehicle-treated vs. Viral-infected patches at time of 
implantation. The incision was closed and the animal was allowed to recover. After four 
weeks, the vein patches were harvested and assessed for patency and beta -galactosidase 
expression using X gal. Intraarterial pressure and blood flow through the patch were 
again measured and recorded. All vein patches that had been exposed to HSVlacZ showed 
significant beta -galactosidase expression in all layers of the vein wall at 4 weeks 
after exposure, especially within the smooth muscle cells comprising the neointima (48 
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plus or minus 2 % infection efficiency) . In contrast, patches infected with AAVlacZ 
showed inconsistent transgene expression, mostly confined to the adventitia. Expression 
was not evident in the vehicle-exposed patches or in any harvested external jugular 
veins or CCAs contralateral to an HSVlacZ (R849) -infected vein patch or an AAV-infected 
vein patch. 

MECHANISM OF ACTION - Gene therapy. 

USE - (M) is useful for expressing a heterologous nucleic acid sequence encoding a 
polypeptide such as antiproliferative polypeptide, vasodilatory polypeptide, and an 
angiogenic polypeptide, an antisense oligonucleotide or antisense polynucleotide 
complementary to the polypeptide in a vascular cell, such as endothelial cell, smooth 
muscle cell or adventitial cell. (M) is also useful for inducing normal physiology in a 
functionally abnormal vascular cell. (M) is useful for treating or preventing a 
cardiovascular disease or condition such as chronic heart failure, hypertensive 
cardiovascular disease, ischemic heart disease, arrhythmia, congenital heart disease, 
valvular heart disease or stenotic defect, cardiomyopathy, aneurysm, chronic venous 
insufficiency, peripheral arterial disease or restenosis, in a vascular cell. The 
heterologous nucleic acid sequence is expressed in vascular tissue for a duration of 
more than 7, 14, 21, 28, 35 or 70 days. The heterologous nucleic acid sequence encodes 
a screenable or selectable marker, an antithrombotic nucleic acid, angiogenesis 
regulating nucleic acid, immunomodulator , inducer of cellular proliferation, inhibitor 
of cellular proliferation or a regulator or programmed cell death. The method further 
comprises administering at least one pharmacological agent such as 

antihyperlipoproteinemic agent, antiarteriosclerotic agent, antithrombotic/ fibrinolytic 
agent, blood coagulant, antiarrhythmic agent, antihypertensive agent, vasopressor, 
treatment agent for congestive heart failure, antianginal agent, anti-infection agent, 
to the vascular cell. (All claimed). 

ADVANTAGE - (M) provides therapeutic benefit both in vascular and cardiovascular 
tissue . 
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Department of Pediatrics, University of California, San Diego, La Jolla 
92093-0634. 

We have used gene transfer vectors derived from a replication-defective 
mutant of herpes simplex virus type 1 (HSV-1) expressing the hepatitis B 
virus surface antigen (HBsAg), Escherichia coli beta-galactosidase (beta-gal), 
or canine factor IX (cFIX) from the immediate early promoter of human 
cytomegalovirus (hCMV) to infect mouse liver by direct injection or through 
the portal vein. By either route, high levels of transgene expression were 
demonstrated by the detection of immunoreactive HBsAg or cFIX in the 
circulation and by histochemical detection of beta-gal activity in situ. The 
results were striking in that the serum level of cFIX reached 10% of the 
normal murine levels. Although the level of transgene expression from the 
hCMV promoter was transient, a significant number of persistent vectors 
could be rescued from the livers of recipient mice up to 2 months after 
inoculation. Replacement of the hCMV promoter with the HSV-1 
latency-associated transcript (LAT) promoter resulted in reduced but 
prolonged expression of both HBsAg and cFIX. The very high level of factor 
IX expression suggests that clinically useful gene transfer may eventually be 
feasible through direct vector delivery to the liver. 
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TI Graft permeabilization facilitates gene therapy of 

transplant arteriosclerosis in a rabbit model. 
AU Rekhter M D; Shah N; Simari R D; Work C; Kim J S; Nabel G J; Nabel E G; 

Gordon D 

CS Department of Pathology, University of Michigan, Ann Arbor, MI 48105, USA. 
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SO CIRCULATION, (1998 Sep 29) 98 (13) 1335-41. 
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DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Abridged Index Medicus Journals; Priority Journals 
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AB BACKGROUND: Smooth 'muscle cell (SMC) replication plays a central role in 

the pathogenesis of transplant arteriosclerosis. One strategy to eliminate 
dividing cells is to express a herpesvirus thymidine kinase (tk) 
gene that phosphorylates the nucleoside analogue ganciclovir into a toxic 
form leading to cell killing. However, medial SMCs are resistant to gene 
transfer unless the artery undergoes deendothelialization . We hypothesized 
that manipulations that increase the "porosity" of the artery can make 
SMCs prone to gene transfer without denudation. METHODS AND RESULTS: In 
organ culture of rabbit aorta, longitudinal stretch and supraphysiological 
pressure applied for 3 hours during incubation with adenoviral vector 
facilitated gene transfer into medial SMCs without denudation. Of the 
SMCs, 10.2+/-3.8% expressed a reporter gene of human placental alkaline 
phosphatase (hpAP) , whereas SMCs in control arteries did not express hpAP. 
To evaluate the feasibility of transgene expression in arterial grafts, we 
performed such permeabilization-assisted reporter gene transfer into 
aortas of donor Dutch Belted rabbits and transplanted them into carotid 
arteries of recipient New Zealand White rabbits. Unstretched transfected 
grafts were used as a control. SMCs expressed hpAP (7. 3+/-2.4% of cells 
in 2 days and 4.2+/-1.9% in 2 weeks) in stretched grafts only. In the next 
series of experiments, we transfected stretched grafts with ADV-tk and 
combined transplantation with systemic administration of ganciclovir. 
Stretched ADV-hpAP grafts were used as a control. In 2 weeks, the 
formation of intimal thickening in tk-expressing grafts was significantly 
reduced (P<0. 01) because of a decrease in proliferating SMCs. 
CONCLUSIONS : Manipulations within target tissues can enhance the efficiency 
of gene transfer into SMCs. Although mechanical permeabilization is 
clinically problematic, in principle, targeting SMC replication may 
provide a genetic approach to the treatment of transplant 
arteriosclerosis . 

CT Check Tags: Animal; Support, Non-U. S. Gov't; Support, U.S. Gov't, P.H.S. 

Adenoviridae : GE, genetics 
* Aorta: TR, transplantation 

Arteriosclerosis: ET, etiology 
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AB Vascular endothelial growth factor (VEGF) is a secreted endothelial 
cell-specific angiogenic growth factor. VEGF gene transfer 
strategies to stimulate focal angiogenesis could be used to 
ameliorate myocardial ischemia. To induce angiogenesis in vivo, 
we have constructed a replication-defective herpes simplex virus type 1 
(HSV-1) amplicon vector that places the human VEGF-165 cDNA under the 
transcriptional control of the HSV immediate-early 4/5 promoter 
(HSVhvegf ) . Transduction of NIH 3T3 fibroblasts with HSVhvegf resulted in 
the secretion of high levels of biologically active VEGF, as assayed by 
microvascular endothelial mitogenesis . By use of an ex vivo protocol, 
BLK-CL4 fibroblasts were transduced with HSVhvegf or control HSVlac virus 
(expressing Escherichia coli beta-galactosidase) , resuspended in basement 
membrane extract (matrigel), and coinjected subcutaneously into syngeneic 
C57BL/6 mice. One week later, the matrigel plugs with HSVhvegf showed a 



strong angiogenic response, in contrast to the plugs with 

HSVlac-transduced fibroblasts. These data indicate that transduction with 
HSVhvegf virus can induce an angiogenic response in vivo and 
suggest that this is a viable gene therapy approach 
for tissue ischemia. 

L21 ANSWER 2 OF 2 MEDLINE 

AB The ability to express recombinant genes in vivo offers potential new 

treatments for human disease if questions of safety and toxicity can be 
addressed. Complications of gene transfer could include, for example, 
overexpression of introduced genes for growth or angiogenic 
factors or insertional mutagenesis, both of which could cause uncontrolled 
cell growth. We report the development of a suicide retroviral vector that 
provides a method to eliminate cells undergoing rapid growth in vivo. A 
murine amphotropic retroviral vector was constructed in which the gene for 
herpesvirus thymidine kinase was included to render proliferating 
cells sensitive to ganciclovir, and the Escherichia coli 

beta-galactosidase gene served as a reporter. This vector's efficacy was 
first assessed in vitro, and beta-galactosidase activity was abolished in 
several cell lines after treatment with ganciclovir. In vivo, a 
transplantable murine CT26 adenocarcinoma whose cells were transduced with 
this vector regressed completely after administration of ganciclovir. In 
contrast, expression in nondividing cells within rabbit arteries 
transduced by retroviral infection in vivo was unaffected. This suicide 
vector therefore eliminates transformed cells but allows survival of 
normal nondividing cells that express its specific recombinant genes in 
vivo, and may thus improve the safety and efficacy of gene transfer into 
living organisms. 
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